p a r l e s molécules amphiphiles. I l s s t r u c t u r e n t l ' e s p a c e en deux milieux: p o l a i r e e t p a r a f f i n i q u e . Dans c e r t a i n e s c o n d i t i o n s c e t t e o r g a n i s a t i o n peut ê t r e p é r i o d i q u e s u i v a n t 3 dimensions e t de symé-t r i e cubique. Ces c r i s t a u x cubiques s o n t t o u t à f a i t i n h a b i t u e l s dans l e sens où l e u r o r d r e à longue d i s t a n c e n ' e s t pas l e r é s u l t a t de l a propagation d'un o r d r e m o l é c u l a i r e à c o u r t e d i s t a n c e . On peut l e s v o i r comme des c r i s t a u x formés p a r deux l i q u i d e s s é p a r é s p a r un i n t e r f a c e . Nous l e s c o n s i d è r e r o n s en r e l a t i o n avec l e problème du p a r t a g e de l ' e s p a c e p a r des s u r f a c e s minimales p é r i o d iques.
A b s t r a c t -The i n t e r f a c e s a r e t h e l i q u i d -l i q u i d i n t e r f a c e s b u i l t by amphiphilic molecules. They organize space i n two media: p o l a r and p a r a f f i n i c . Under c e r t a i n c o n d i t i o n s t,his o r g a n i z a t i o n may p r e s e n t a 3-d p e r i o d i c i t y of c u b i c symmetry. Such c u b i c c r y s t a l s a r e q u i t e unusual i n t h e s e n s e t h a t t h e i r long range o r d e r i s n o t t h e r e s u l t of t h e propagation of a s h o r t range o r d e r . They can be seen a s c r y s t a l s formed by two l i q u i d s s e p a r a t e d by an i n t e r f a c e . W e s h a l l analyze them i n r e l a t i o n w i t h t h e problem of space p a r t it i o n by p e r i o d i c minimal s u r f a c e s .

-INTRODUCTION Amphiphilic molecules, such a s s o a p s , d e t e r g e n t s and l i p i d s , a r e w e l l known f o r t h e i r aggregation p r o p e r t y when put i n presence o f w a t e r and f o r forming t h e s t r u c t u r e s of m i c e l l a r and l i q u i d c r y s t a l l i n e phases w i t h v a r i o u s degrees of o r d e r . The d i l u t e d m i c e l l a r phases a r e disorder e d a t long range and t h e c o n c e n t r a t e d ones may sometimes e x h i b i t a long range o r i e n t a t i o n a l o r d e r of t h e nematic type.
The more concentrat e d l y o t r o p i c l i q u i d c r y s t a l s a r e t r a n s l a t i o n a l l y ordered. Most o f t e n , i n t h e l a t t e r c a s e , l a r g e zones of t h e phase diagrams a r e occupied by s t r u c t u r e s o r d e r e d along 1 o r 2 dimensions, such a s t h e w e l l known l am e l l a r o r hexagonal phases. There a r e a l s o a few examples o f phase diagrams where s t r u c t u r e s ordered along 3 dimensions can be found i n r at h e r narrow zones. W e s h a l l be concerned w i t h t h e s e s t r u c t u r e s which, f o r c a s e s known up t o now, have a c u b i c symmetry. They a r e n o t t o be confused w i t h t h e 3-d c r y s t a l l i n e S t a t e s of amphiphilic molecules which a r e c l a s s i c a l molecular c r y s t a l s of complex symmetries. To make appar e n t t h e very p a r t i c u l a r n a t u r e o f t h e s e 3-d s t r u c t u r e s , a s w e l l a s t h e d i f f i c u l t i e s of t h e i r s t u d y , we s h a l l b r i e f l y d i s c u s s one o f them on t h e b a s i s of i t s p i c t o r i a l r e p r e s e n t a t i o n i n f i g . 1 .
Fig. 1 -Schematic r e p r e s e n t a t i o n o f t h e c u b i c s t r u c t u r e b u i l t by t h e mixture p o t a s s i m l a u r a t e / 3 6 % w a t e r i n weight a t 100°C. The diameter o f a rod i s 28 x.
This i s one of t h e f i r s t c u b i c s t r u c t u r e s which was e s t a b l i s h e d w i t h some c e r t a i n t y l . I n t h i s s t r u c t u r e t h e amphiphilic molecules aggregate i n s m a l l c y l i n d e r s which a r e joined 3 by 3 and b u i l d two 3-d l a t t i c e s which a r e unconnected and mutually interwoven. These two i n f i n i t e l a tt i c e s of amphiphilic molecules a r e s e p a r a t e d by one i n f i n i t e aqueous medium. This s t r u c t u r e has body-centered c u b i c symmetry w i t h s p a t i a l group 1 A t t h e l o c a l l e v e l t h e amphiphilic molecules a r e d i s o r d e r e d and d i f f â g along t h e rods o f t h e t r u c t u r e w i t h a t r a n s l a t i o n a l d i f f u s i o n c o e f f ic i e n t , D 2.2 1 0 -~ cm2s-', which i s r a t h e r c l o s e t o t h a t of melted paraff i n s , D % 1 0 -5 cm2s-l 2. Such a s t r u c t u r e i s c h a r a c t e r i z e d by t h e coex i s t e n c e of long range c r y s t a l l i n e o r d e r and s h o r t range l i q u i d -l i k e d i s o r d e r . I t i s t h e r e f o r e q u i t e o r i g i n a l and a b s o l u t e l y d i s t i n c t from t h e c r y s t a l s o f amphiphilic molecules a s i t s long range o r d e r does n o t r e s u l t from t h e propagation o f a s h o r t range o r d e r 3. From t h e above d e s c r i p t i o n we might Say t h a t t h i s phase i s an ordered entanglement of two l i q u i d s s e p a r a t e d by an i n t e r f a c e . W e s h a l l follow t h i s p o i n t of view, a t a d e s c r i p t i v e l e v e l , when we s h a l l c o n s i d e r l a t e r on t h a t t h e s t r u c t u r e s b u i l t by amphiphilic molecules i n presence of water a r e o r g a n i z a t i o n s of i n t e r f a c e s between two continuous l i q u i d media. Howev e r i t must n o t be f o r g o t t e n t h a t t h e meaning u s u a l l y conveyed t o t h e term " l i q u i d " i s n o t a p p l i c a b l e h e r e g l o b a l l y because o f t h e a n i s o t r op i c molecular behaviors induced by t h e e x i s t e n c e of t h e i n t e r f a c e 4.
The s t r u c t u r e p r e s e n t e d above was determined by small a n g l e X-ray s c a tt e r i n g . I t was a p a r t i c u l a r l y f a v o r a b l e c a s e because o f t h e r e l a t i v e l y l a r g e number of r e f l e c t i o n o r d e r s observed,eight t o ten. Since t h e n o t h e r c u b i c phases have been discovered b u t t h e s i t u a t i o n i s n o t always s o f a v o r a b l e and t h e number of observed o r d e r s can be i n s u f f i c i e n t t o a l l o w f o r an unequivocal c h a r a c t e r i z a t i o n of a complex s t r u c t u r e . On t h e b a s i s of such l i m i t e d d a t a t h e s o l u t i o n proposed can o n l y be b u t one among s e v e r a l o t h e r s p o s s i b l e . I t i s t h e r e f o r e n e c e s s a r y t o a r g u e w i t h a l a r g e r s e t o f d a t a i n c l u d i n g t h o s e p r o v i d e d by o t h e r techniques. But, even t h e n , t h e r e i s always some degree o f u n c e r t a i n t y l e f t and i n o r d e r t o a p p r e c i a t e i t we s h a l l c o n s 
-
The 3-d p h a s e s a p p e a r v e r y d i f f e r e n t from t h e 1-d and 2-d l a m e l l a r o r hexagonal p h a s e s . They a r e v e r y c l e a r and o p t i c a l l y i s o t r o p i c whereas t h e l a t t e r a r e a b i t t r a n s l u c i d , s c a t t e r l i g h t and a r e o p t i c a l l y a n is o t r o p i c . Also t h e y have a much s t i f f e r c o n s i s t e n c y . A t l a s t , b e c a u s e o f t h i s c o n s i s t e n c y , t h e y c a n n o t t o b e confused w i t h t h e f l u i 2 and 1 0 , a s t h e c h a r a c t e r i s t i c s i z e o f t h e s c a t t e r i n g e l e m e n t , t h e t h i c k n e s s o f t h e a m p h i p h i l i c o r aqueous media, i s r a t h e r l a r g e and makes t h e s t r u c t u r e f a c t o r d e c r e a s e r a p i d l y . I t can be h i g h e r , up t o 1 7 , i n anhydrous systems where t h e p o l a r heads and i o n s o f i m p o r t a n t e l e c t r o n i c d e n s i t i e s a r e l o c a l i z e d i n v e r y n a rrow p o l a r domains. The s m a l l a n g l e r e g i o n o f a t y p i c a l powder spectrum i s shown i n f i g . 3 .
JOURNAL DE PHYSIQUE A l 1 s p e c t r a can be indexed i n a c u b i c l a t t i c e whose space group can be known i n p r i n c i p l e from t h e d e t e r m i n a t i o n of t h e a b s e n t r e f l e c t i o n s . However e r r o r s a r e f r e q u e n t because a r e f l e c t i o n may be a c c i d e n t a l l y suppressed. One p o s s i b i l i t y i s t h e f o r t u i t o u s coïncidence o f a zero o f t h e s t r u c t u r e f a c t o r w i t h t h e p o s i t i o n o f an o r d e r of r e f l e c t i o n . This can be d e t e c t e d by varying t h e c o n d i t i o n s , temperature, water c o n t e n t , e v e n t u a l l y t h e l e n g t h of t h e p a r a f f i n i c chain o f t h e amphiphilic molec u l e s , i n o r d e r t o change t h e s t r u c t u r e f a c t o r o r t h e parameter o f t h e ce11 and t o suppress t h e coïncidence. Another one i s an imperfect d i st r i b u t i o n of monocrystalline domains which can be such t h a t some r e t ic u l a r p l a n e s a r e n o t a t t h e Bragg's c o n d i t i o n f o r r e f l e c t i o n . This may happen because of t h e a b i l i t y of c u b i c phases t o grow l a r g e monocrystak.
However when t h e monocrystals a r e very l a r g e i t may be p o s s i b l e t o work w i t h mono-domains 6 . F i n a l l y , t h e r e a r e a few examples o f e r r o r s becaus e o f s p u r i o u s r e f l e c t
i o n s which f o r c e t h e indexing i n t o a wrong d i r e ct i o n . This happens when t h e sample i s a c c i d e n t a l l y i n one o f t h e neighb o r i n g p o l y p h a s i c zones. surrounding t h e narrow c u b i c zone, t h e n a sup e r p o s i t i o n of s p e c t r a i s analyzed a s one unique spectrum. A l 1 t h e s e f a c t s a r e major handicaps t o c o r r e c t indexing o f t h e s p e c t r a . Once they a r e understood and e l i m i n a t e d a s t r u c t u r a l model can be proposed. This model should be t e s t e d by c a l c u l a t i n g t h e s c a t t e r e d i n t e n s i t y f o r t h e d i f f e r e n t o r d e r s and comparing them w i t h t h e experimental ones. In t h e case where t h e number of o r d e r s i s r a t h e r low t h e model i s n o t always unique and more information must be looked f o r i n o r d e r t o make a s el e c t i o n . A f i r s t complementary i n f o r m a t i o n i s provided by t h e examinat i o n o f t h e s t r u c t u r e s and s t r u c t u r a l parameters o f t h e neighboring phases i n t h e phase diagram. When they a r e o r d e r e d phases t h e y a r e o rdered along 1 o r 2 dimensions s o t h a t t h e y can be c h a r a c t e r i z e d e a s i l y
and t h e i r s t r u c t u r a l parameters w e l l known. For i n s t a n c e t h e i r mean a r e a p e r amphiphilic molecules a t t h e i n t e r f a c e , t h e convexity o f t h e i r i n t e r f a c e , t h e c o n t i n u i t i e s o f t h e i r aqueous and p a r a f f i n i c media a r e known and t h e s e c h a r a c t e r i s t i c s should show a monotonous behavior when going through t h e c u b i c phase s e p a r a t i n g them. C e r t a i n models can be e l i m i n a t e d t h a t way. To go f u r t h e r complementary information can be brought by s p e c t r o s c o p i c s t u d i e s , p a r t i c u l a r l y n u c l e a r magnetic resonance.
Nuclear magnetic resonance This technique s e e s t h e aqueous and p a r a f f i n i c media of a c u b i c phase a s i s o t r o p i c l i q u i d s . This h o l d s t o t h e f a c t t h a t t h e
t r a n s l a t i o n a l d i f f u s i o n o f t h e molecules along t h e i n t e r f a c e s , t h e normals of which a r e i s o t r o p i c a l l y o r i e n t e d , averages o u t a l 1 t h e non s c a l a r i n t e r a ct i o n s o f t h e n u c l e i w i t h t h e i r environment. The NMR s i g n a l s i n t h e cub i c phases a r e t h e r e f o r e h a r d l y d i f f e r e n t from t h o s e i n t h e d i s o r d e r e d m i c e l l a r phases and n o t very s e n s i t
i v e t o t h e d e t a i l s o f t h e s t r u c t u r e s o f i s o t r o p i c phases 2. However t h i s drawback due t o t h e t r a n s l a t i o n a l d i f f u s i o n can be t u r n e d i n t o a p o s i t i v e advantage. Indeed a NMR technique was developed, t h e s t u d y o f s p i n echos i n an inhomogeneous magnet i c f i e l d , which allows f o r t h e measurement o f t h e t r a n s l a t i o n a l d i f f us i o n of molecules when i t occurs over d i s t a n c e s o f about 1 Fm and f o r d u r a t i o n s of a few m i l l i s e c o n d s . The a p p l i c a t i o n of t h i s technique t o t h e problem o f t h e cubic phases can t h e r e f o r e provide an important t op o l o g i c a l information about t h e e x t e n s i o n of t h e aqueous and p a r a f f i n i c media 8. For i n s t a n c e i t should allow one t o choose between a c u b i c s t r u c t u r e made of f i n i t e m i c e l l e s , where t h e t r a n s l a t i o n a l d i f f u s i o n , o f t h e amphiphilic molecules i s r e s t r i c t e d on d i s t a n c e s of about 30
A , and a c u b i c s t r u c t u r e o f small rods connected t o i n f i n i t y such a s t h e one drawn i n f i g . l . , where t h e molecules may d i f f u s e over l a r g e d i s t a nc e s 9 . E l e c t r o n microscopy (10)
This should be t h e most d i r e c t method, and r a t h e r w e l l f i t t e d i f one compares i t s r e s o l u t i o n w i t h t h e c h a r a c t e r i s t i c dimension of t h e aggreg a t e s i n t h e l y o t r o p i c phases.
However i t can n o t be used d i r e c t l y without p r e p a r a t i o n of t h e sample because of t h e damaging e f f e c t s o f t h e high vacuum and e l e c t r o n beam and because of t h e very low c o n t r a s t o f t h e amphiphilic molecules. Usual p r e t r e a t m e n t s which permit e l e c t r o n microscopic o b s e r v a t i o n s , chemical f i x a t i o n and s t r a i n i n g , modify t h e sample s t r u c t u r e . I t i s p o s s i b l e t o overcome some of t h e s e d i f f i c u l t i e s by c r y o f i x a t i o n . In g e n e r a l t h e o b s e r v a t i o n i s i n d i r e c t . The sample i s quenched a t low temperature, then f r a c t u r e d , e v e n t u a l l y t h e s u r f a c e i s etched by e v a p o r a t i o n of some w a t e r , and a heavy metal r e p l i c a o f t h e s u r f a c e i s made which i s observed by e l e c t r o n microscopy. I t must be a s c e r t a i n e d t h a t t h e s t r u c t u r e of t h e sample has n o t been modified d u r i n g t h e s e v e r a l s t e p s of t h i s procedure. One way c o n s i s t s i n cont r o l l i n g i t a f t e r quenching by X-ray s c a t t e r i n g . This i s being developed and t h e f i r s t photographs of c u b i c phases supported by such a c o n t r o l have j u s t been publishedlO.One on them i s shown i n f i g . 4 .
Such a photograph demonstrates unambiguously t h e c r y s t a l l i n e c u b i c s t r u c t u r e and should be of c o n s i d e r a b l e h e l p t o analyze t h e s t r u c t u r e s a s our understanding of f r a c t u r e propagation i n such m a t e r i a l s develops.
Fig. 4 -F r e e z e f r a c t u r e d e l e c t r o n micrograph o f sunflower o i l monoglyc e r i d e s / c y t o c h r o m e C/water c u b i c phase. R o t a t o r y shadowed w i t h W-Ta b u t c o n t r a s t i s r e v e r s e d (shadows a r e b l a c k ) . N o t i c e t h e d i
f f e r e n t f r a c t u r e P l a n e s through t h e phase. From r e f e r e n c e ( 1 0 ) .
I I I -PROPOSED STRUCTURES W e have c l a s s i f i e d t h e p h a s e s d i s c u s s e d i n t h e l i t e r a t u r e a c c o r d i n g t o t h e s p a t i a l group which c a n be deduced from t h e examination o f t h e i r X-ray diagrams. The f i r s t two, I a g d and Png, a r e c o n s i d e r e d a s c e r t a i n . The o t h e r s Im3m, Pmgn, Fdgm a r e s t i l l m a t t e r s o f d i s c u s s i o n . T h i s is a body c e n t e r e d c u b i c l a t t i c e . I t i s q u i t e widespread. I t was s e e n f o r t h e f i r s t time i n anyhydrous s t r o n t i u m s o a p s and t h e f i r s t cub i c s t r u c t u r e b u i l t w i t h r o d s was t h e n proposed ( l a ) . I t i s r e p r e s e nt e d i n f i g . 5 where t h e r o d s a r e t h e l o c i i o f t h e s t r o n t i u m i o n s , t h e p a r a f f i n i c c h a i n s o f t h e soap molecules b e i n g d i s o r d e r e d a l 1 around.
S i n c e t h e n s i m i l a r c u b i c s t r u c t u r e s were found i n egg l e c i t h i n s c o n t a in i n g a s m a l l amount o f w a t e r ( l b ) , i n between l a m e l l a r and i n v e r t e d hexagonal p h a s e s , and i n potassium c a r b o x y l a t e s and a l k y l t r i m e t h y l ammonium bromides w i t h h i g h e r w a t e r c o n t e n t ( l c ) , i n between l a m e l l a r and d i r e c t hexagonal p h a s e s . I t i s t h e l a t t e r c a s e which i s r e p r e s e n t e d i n f i g . 
I t i s q u i t e n o t i c e a b l e t h a t t h e l o c a t i o n s o f t h e s e c u b i c p h a s e s i n t h e phase diagrams i n d i c a t e s t h a t t h e same s t r u c t u r e may e x h i b i t d i f f e r e n t t o p o l o g i e s
. When t h e phase i s p r e s e n t on t h e low w a t e r cont e n t s i d e o f t h e l a m e l l a r phase t h e two aqueous r o d s t r u c t u r e s a r e i mbedded i n a c o n t i n u o u s p a r a f f i n i c m a t r i x , when t h e phase i s p r e s e n t on t h e h i g h w a t e r c o n t e n t s i d e o f t h e l a m e l l a r phase t h e t o p o l o g y i s i nv e r t e d , t h e two r o d s t r u c t u r e s o f s o a p molecules a r e imbedded i n a cont i n u o u s aqueous m a t r i x . O t h e r s t r u c t u r e s , a p p a r e n t l y s i m p l e r , were F i g . 6 
. N e v e r t h e l e s s we t h i n k i n t e r e s t i n g t o c o n s i d e r them t o i l l u s t r a t e t h e u s e o f NMR i n t h i s problem. An o u t d a t e d p r o p o s a 1 i s t h a t o f t h e bo-
-A body c e n t e r e d c u b i c a r r a y o f s p h e r e s . A more r e c e n t one1' i s t h a t of t h e body c e n t e r e d c u b i c 1a3dpacking of i n f i n i t e s t r a i g h t c y l i n d e r s shown i n f i g . 7
t , i n a d d i t i o n , t h e y would imply molecular behaviors which a r e n o t compatible w i t h t h e NMR d a t a . These d a t a show t h a t t h e amphiphilic
molecules d i f f u s e r a p i d l y on n a c r o s c o p i c d i s t a n c e s , which e l i n i i n a t e s t h e s t r u c t u r e b u i l t w i t h f i n i t e m i c e l l e s , and have an i s o t r o p i c behav i o r , which e l i m i n a t e s t h e s t r u c t u r e b u i l t w i t h s t r a i g h t cy i n d e r s along which t h e molecules r h o u l d have an u n i a x i a l behavior ' 1 I t i s however n o t impossible t h a t t h e body c e n t e r e d c u b i c s t r u c t u r e o f i nf i n i t e s t r a i g h t c y l i n d e r s e x i s t s i n c e r t a i n systems a s suggested by a r e c e n t NMR s t u d y o f t h e hexagonal phase o f t h e hexaethylene g l y c o l dodecyl e t h e r / w a t e r system 13. Groups Pnj a n d P n 3 m These a r e p r i m i t i v e c u b i c l a t t i c e s . Both groups were proposed b u t t h e y look s i m i l a r a t low r e s o l u t i o n and we s h a l l use Pn only s i n c e i t i s of h i g h e s t symmetry. I t was proposed f i r s t f o r a p a o s p h a t i d y l ethanolamine/water system, t h e l i p i d having been e x t r a c t e d from i n s e c t s l 4 . Mor e r e c e n t l y i t was met i n t h e g l y c e r o l monooleate/water system 15. The s t r u c t u r e i s r e p r e s e n t e d i n f i g . 8.
Group Im3rn This i s a body c e n t e r e d c u b i c l a t t i c e w i t h i n f i n i t e aqueous and p a r a ff i n i c media. The s t r u c t u r e i s r e p r e s e n t e d i n f i g . 9 . W e mention i t because i t r e c e n t l y appeared i n t h e l i t e r a t u r e a s being a p o s s i b l e c a n d i d a t e f o r t h e g l y c e r o l monooleate/water system d i s c u ssed above 16. I t must be abandoned now a s a b e t t e r understanding o f t h e phase diagram and a thorough a n a l y s i s o f t h e X-ray d a t a have l e d t o an indexing i n p e r f e c t agreement with t h e one r e p o r t e d abovel7. There i s t h e r e f o r e no X-ray evidence f o r Imgm up t o now. The i n t e r p r e t a t i o n of e l e c t r o n micrographs o f p r o l a m e l l a r bodies i n t h e membrane system of e t i o l a t e d l e a v e s o f A v e n a S a t i v a s u g g e s t s a s t r u c t u r e which might have t h i s space group 18. However t h i s i s q u i t e d i f f e r e n t a s i t u a t i o n a s t h e samples s t u d i e d h e r e a r e b i o l o g i c a l o r g a n i t e s whose membranes c o n t a i n n o t o n l y l i p i d s b u t many o t h e r b i o l o g i c a l molecules too.
Fig. 9 -The c u b i c s t r u c t u r e 1 w i t h i n f i n i t e aqueous and p a r a f f i n i c media, t h e rods a r e t h e axes m3mof t h e water channels.
This i s a p r i m i t i v e c u b i c l a t t i c e . This phase i s wide-spread. I t was found f i r s t i n Na-caprylate/organic s o l v e n t s / w a t e r systems, i t has been observed s i n c e then i n dodecyl trimethylammonium c h l o r i d e / w a t e r , egg l e c i t h i n / w a t e r , l a u r y l decaethylene g l y c o l e t h e r j w a t e r , sodium o r potassium soaps/organic s o l v e n t s / w a t e r systems. I n a l 1 t h e s e c a s e s t h e l o c a t i o n of t h e phase i n t h e phase diagram i s i n t h e w a t e r r i c h r e g i o n , between t h e hexagonal and m i c e l l a r phases. The s t r u c t u r e has been proposed t o c o n s i s t of a 3-d network of rods of f i n i t e l e n g t h , a l 1 c r y st a l l o g r a p h i c a l l y e q u i v a l e n t , which meet 3 by 3 a t one end and 4 by 4 a t t h e o t h e r t o form t h e b a r s of a system of cages, each cage e n c l o s i n g a s p h e r i c a l m l~e l l e ; t h e rod and t h e m i c e l l e s a r e p a r a f f i n i c and imbedded i n w a t e r . This i s a c l a t h r a t e -t y p e s t r u c t u r e . I t i s r e p r e s e n t e d
i n f i g . 1 0 .
Fig. 10 -The " c l a t h r a t e " s t r u c t u r e P , t h e rods and d o t s a r e t h e axes and c e n t e r s of t h e p a r a f f i n i c ro2znand m i c e l l e s .
This complex s t r u c t u r e i s n o t supported by r e c e n t NMR s t u d i e s which do n o t d e t e c t t h e t r a n s l a t i o n a l d i f f u s i o n of amphiphilic molecules over long d i s t a n c e s implied by t h e e x i s t e n c e o f an i n f i n i t e network of con
n e c t e d rods 2 0 9 2 1 . This would be i n f a v o r of a s t r u c t u r e of f i n i t e amphiphilic a g g r e g a t e s .
This cubic f a c e c e n t e r e d l a t t i c e was mentioned f o r l i p i d s e x t r a c t e d
from Pneudamonan FLuahencenn i n presence of water and f o r T r i t o n d e t e rg e n t s i n presence of o r g a n i c s o l v a n t s 14. Systems p r e s e n t i n g t h i s symmetry a r e under i n v e s t i g a t i o n . fig.5 to 10, a s networks of rods which a r e t h e axes of t h e s e p a r a f f i n i c o r aqueous media. Indeed t h i s i s t h e most r i g o r o u s r e p r e s e n t a t i o n because t h e dat a e s s e n t i a l l y g i v e access t o t h e d i r e c t i o n s o f symmetry. How can we deduce t h e geometrical shapes of t h e i n t e r f a c e s from t h e networks o r rods? This may be r e l a t i v e l y e a s y t o do i n r a t h e r d e s c r i p t i v e manner when t h e rods a r e t h e axes of t h e soap a g g r e g a t e s .
Remark about t h e terms of t h e d e s c r i p t i o n W e i n t r o d u c e d t h e s t r u c t u r e s a s c r y s t a l s of i n t e r f a c e s s e p a r a t i n g t h e p a r a f f i n i c and aqueous media b u t we r e p r e s e n t e d them,from
W e know t h a t t h e i r d i ameter can n o t exceed twice t h e l e n g t h o f a molecule, s o we j u s t i n c r e as e it up t o t h a t value. This i s what we d i d i n f i g . 1 which was drawn only t o make t h e n a t u r e of t h e phase p e r c e p t i b l e . However t h i s i n t u it i v e way of i n t r o d u c i n g t h e i n t e r f a c e s i s n o t a p p l i c a b l e when t h e rods a r e axes of water channels whose r a d i i a r e n o t known. Moreover, i t does n o t b r i n g any new i n s i g h t i n t o t h e n e c e s s a r y p r i n c i p l e s which might c o n t r o l t h e s t r u c t u r e of t h e phases. W e have t h e r e f o r e chosen t o d i scuss a n o t i o n which might be u s e f u l i n t h i s r e s p e c t , t h a t o f p a r t i t i o n s u r f a c e s i n l i q u i d media whose shapes may be d e f i n e d on t h e b a s i s of simple p r i n c i p l e s .
IV -PARTITION SURFACES Such a n o t i o n i s suggested by t h e examination of s t r u c t u r e s Png o r 1 shown i n f i g . 8 and 9 . Here t h e rods a r e t h e axes of w a t e r chann g ? ! ! organized i n two interwoven aqueous media and s e p a r a t e d from each o t h e r by one continuous medium o f amphiphilic molecules w i t h t h e l i q u i d l i k e behavior d e s c r i b e d i n t h e i n t r o d u c t i o n 2 2 . The c e n t r a l p a r t o f t h i s b i l a y e r , occupied by t h e methyl ends of t h e c h a i n s , d e f i n e s a geometric a l s u r f a c e w i t h t h e p h y s i c a l p r o p e r t i e s of a l i q u i d f i l m which p a r t it i o n s space i n two c e l l s which a r e everywhere i n c o n t a c t . T h i s p a r t i t i o n s u r f a c e has a s u p e r f i c i a l t e n s i o n , which minimizes t h e t o t a l a r e a , i t a l s o experiences e q u a l p r e s s u r e s on both s i d e s a s t h e c e l l s a r e a t equil i b r i u m , s o t h a t i t s c u r v a t u r e has t o be zero everywhere. These condit i o n s impose c e r t a i n types of s u r f a c e s which were indeed considered by p h y s i c i s t s and mathematicians a t t h e end o f t h e l a s t c e n t u r y a f t e r Plateau'work on soap f i l m s . For i n s t a n c e Lord Kelvin showed t h a t space can be f i l l e d and homogeneously p a r t i t i o n e d i n t o equal and s i m i l a r l y s i t u a t e d c e l l s by a polyhedron, t h e a -t e t r a k a ï d e k a h e d r o n , which i s d e r i v e d from t h e o r t h o -t e t r a k a ï d e k a h e d r o n shown i n f i g . 1 1 by s l i g h t curving o f t h e edges aad warping o r t h e f a c e s i n o r d e r t o keep t h e i r
i n t e r n a 1 t e n s i o n s balanced. This a-tetrakaïdekahedron does n o t f i t our purpose a s i t concerns f i n it e c l o s e d c e l l s b u t we quote i t because an assembly of such polyhedra i s . a simple i l l u s t r a t i v e s o l u t i o n t o t h e key i d e a s o f Our problem: t h e f a c e s b u i l d a minimal p a r t i t i o n s u r f a c e , t h e i r c u r v a t u r e i s n u l l , t h e t e n s i o n s a r e balanced between hexagonal and square f a c e s , which meet 3 by 3 a t d i h e d r a l angle? of 120°, and along t h e edges, which meet 4 by 4 a t a n g l e s of 109 28. W e quote i t a l s o because i t was used t o v i - Fig. 1 2 -P a r t of t h e s u r f a c e s e p a r a t i n g t h e water channels i n t h e s t r u c t u r e Pn3. I t was drawn from t h e compact packing of tetrakaidekahed r a opened on f o u r hexagonal f a c e s shown i n t h e i n s e t and used only a s a guide f o r t h e e y e . ( s e e t h e t e x t ) . The s u r f a c e looks c l o s e t o Schwarz's t e t r a h e d r a l minimal s u r f a c e .
An element o f a s u r f a c e c a l c u l a t e d by Schwarz shown i n f i g . 1 3 might f i t i n t h e P n 3 . s t r u c t u r e s because of i t s symmetry and because t h e t ot a l s u r f a c e 1 s o b t a i n e d by t h e j u x t a p o s i t i o n of such elements along a c u b i c l a t t i c e . 
Fig. 14 -P a r t o f t h e s u r f a c e s e p a r a t i n g t h e w a t e r channels i n t h e s t r u c t u r e Im3m ( t h e e x i s t e n c e o f which has n o t been f i r m l y e s t a b l i s h e d y e t ) . I t was drawn from t h e compact packing of t e t r a k a ï d e c a h e d r a opened on t h e i r square f a c e s shown i n t h e i n s e t and used o n l y a s a guide f o r t h e eye ( s e e t h e t e x t ) . The s u r f a c e might be Schwarz's p e r i o d i c minimal s u r f a c e .
I n o r d e r t o b r i n g o u t t h i s i d e a of p a r t i t i o n s u r f a c e we considered c u b i c phases of t h e i n v e r t e d t y p e , where water channels a r e s e p a r a t e d by one continuous p a r a f f i n i c b i l a y e r . I n t h e c a s e of phases of t h e d ir e c t type, where p a r a f f i n i c channels a r e imbedded i n a water m a t r i x , t h e e q u i v a l e n t s u r f a c e i s t o be looked f o r i n t h i s m a t r i x , f o r i n s t a nce t h e s u r f a c e along which t h e e f f e c t s of t h e a n i s o t r o p i c f i e l d s 2 6 of t h e two f a c i n g amphiphile/water i n t e r f a c e s balance each o t h e r .
This analogy between c r y s t a l l i n e c u b i c phases and p e r i o d i c minimal s u r f a c e s , although a t t r a c t i v e a t t h i s c o a r s e l e v e l of a f i r s t approach and u s e f u l t o f e e l t h e n a t u r e of t h e problem, should n o t be pushed f u r t h e r a t t h e moment. The reasons a r e t h a t t h e mathematical bases of t h e two problems a r e d i f f e r e n t and t h e r e f o r e t h e i r s o l u t i o n s a r e n o t n ec e s s e r a l y t h e same. Schwarz and o t h e r mathematicians c a l c u l a t e d minimal s u r f a c e s f o r boundary c o n d i t i o n s d e f i n e d i n a n u n i t c e 1 1 and were conc e r n e d w i t h s u c h s u r f a c e s which can pack p e r i o d i c a l l y keeping t h e i r p r o p e r t i e s of minimal s u r f a c e s ( s e e f i g . 1 3 ) . Also t h e f i n i t e s u r f a c e s d e f i n e d by t h e boundary c o n d i t i o n s i n t h e u n i t ce11 a r e s t a b l e w i t h r e s p e c t t o s m a l l d i s p l a c e m e n t s and t h i s p r o p e r t y i s k e p t f o r t h e i n f in i t e p e r i o d i c s u r f a c e a s t h e boundary c o n d i t i o n s o f t h e u n i t c e l l s a r e i m p l i c i t l y m a i n t a i n e d . I f we now s u p p r e s s t h e boundary ç o n d i t i o n s i n t h e u n i t c e l l s , a s i t s h o u l d be t h e c a s e f o r t h e a m p h i p h i l i c f i l m i n t h e c u b i c p h a s e , i t i s n o t obvious a t a l 1 t h a t t h e p e r i o d i c minimal s u r f a c e s remain s t a b l e . F i n a l l y t h e s u r f a c e s c o n s i d e r e d by t h e mathemat i c i a n s a r e i s o l a t e d s u r f a c e s , i . e . t h e y do n o t i n t e r a c t , b u t t h o s e o f t h e p h y s i c a l system s t r o n g l y i n t e r a c t t h r o u g h a t t r a c t i v e Van d e r Walls f o r c e s and r e p u l s i v e e l e c t r o s t a t i c and h y d r a t i o n f o r c e s 2 6 . I n s p i t e o f some morphological s i m i l a r i t i e s between t h e i r s o l u t i o n s t h e mathematical and p h y s i c a l problems a p p e a r fundamentally d i f f e r e n t . P a r t i c u l a r l y i f i n t h e f i r s t c a s e e x t r i n s i c boundary c o n d i t i o n s d e t e rmine t h e morphology o f t h e s t r u c t u r e t h e y d o n ' t e x i s t i n t h e second c a s e and we must look f o r a s u b s t i t u t e . I n t h e n e x t p a r a g r a p h we s h a l l c o n s i d e r t h e p o s s i b l e r o l e of t h e spontaneous monolayer c u r v a t u r e i n t h i s r e s p e c t . O2 a r e on t h e normal n , t h e c u r v a t u r e of t h e s u r f a c e R -l -R j l i s l z e r o a s Ri = R2 = R. A p a r a l l e l s u r f a c e S v a t a d i s t a n c e 'Q h a s a non z e r o c u r v a t u r e (R +R)-l -(R2-R)-l % -2 t R-2. 1 I f we t r y t o e s t i m a t e i t s v a l u e w i t h t h e s t r u c t u r a l d a t a , i . e . w i t h R = to t h e m o l e c u l a r l e n g t h and R%2 go, we f i n d I C I % 1 / 2 Ro which i s i n t e r m e d i a t e between t h a t of a l a m e l l a r p h a s e , l l l = 0 , and t h a t of a hexagonal p h a s e , l C l c l / L .The same would be v a l i d f o r d i r e c t phases of t h e same type where t h e O s u r f a c e w i t h z e r o c u r v a t u r e i s w i t h i n t h e aqueous medium between t h e p a r a f f i n i c r o d s , a p a r a l l e l s u r f a c e moving away from i t t o f i t on t h e amphiphile/water i n t e r f a c e s e e s i t s curvat u r e i n c r e a s i n g from zero t o a vaTue which i s t h a t of t h e c u r v a t u r e of t h e i n t e r f a c e i t s e l f . Thus t h e b u i l d i n g of a cubic s t r u c t u r e may be seen a s a way chosen by an amphiphile/water system t o accomodate a weak homogeneous c u r v a t u r e i n each monolayer. This p o i n t can be b e t t e r a p p r e c i a t e d by'examining t h e l o c a t i o n s of c u b i c phases r e l a t i v e t o t h a t o f l a m e l l a r and hexagonal phases i n t h e phase diagrams. To do s o we r e f e r t o t h e h y p o t h e t i c a l phase diagram shown i n f i g . 1 6 . I t r e p r es e n t s t h a t of an amphiphile/water system p r e s e n t i n g almost every known phase except t h o s e e x i s t i n g on t h e low water c o n t e n t s i d e , a complicat e d r e g i o n which can n o t be schematized i n a simple way.
V -MONOLAYER CURVATURE W e have c o n s i d e r e d a n i n f i n i t e l y t h i n g e o m e t r i c a l s u r f a c e which we i d e n t i f i e d i n t h e c a s e o f i n v e r t e d phases w i t h t h e l o c u s o f t h e
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Fig. 16 -An h y p o t h e t i c a l amphiphile/water phase diagram (hatched r egions a r e polyphasic domains)
The i n t e r e s t o f such a diagram i s t h a t i t p r e s e n t s t h e phases i n t h e i r n a t u r a l o r d e r of occurence a s t h e w a t e r c o n t e n t i n c r e a s e s . A r e a l phas e diagram p r e s e n t s only a few of them, f o r i n s t a n c e t h e i n v e r t e d phas e s f o r d i -a l k y l amphiphiles o r t h e d i r e c t phases f o r mono-alkyl amp h i p h i l e s , but they always appear w i t h i n c r e a s i n g w a t e r c o n t e n t f o l l owing t h e sequence given i n fig.16 . For i n s t a n c e an i n v e r t e d hexagonal i s b e f o r e a l a m e l l a r phase, whereas a d i r e c t hexagonal comes a f t e r . When t h e c u b i c phases e x i s t they a r e l o c a l i z e d i n t h e i n t e r m e d i a t e zones a , 6, y . In zone a , i n between t h e i n v e r t e d hexagonal and lamell a r p h a s e s , t h e s t r u c t u r e s can be I ( l i p i d ç ) o r Pn3 (monoglycerides), w i t h networks o f water channels imbgaged i n a continuous medium of amphiphilic molecules. In zone B, i n between t h e l a m e l l a r and d i r e c t hexagonal phases, t h e structure is 1 w i t h a network of amphiphilic molecules imbedded i n a ~o n t i n u o u 8~~w a t e r matrix. In zone y , i n b e tween t h e d i r e c t hexagonal and m i c e l l a r phases, t h e s t r u c t u r e proposed from x-ray d a t a i s P of t h e c l a t h r a t e type, w i t h rods and micelles, bat we have seen t h a p 3 n t h i s s t r u c t u r e i s s t i l l a m a t t e r of d e b a t e , a s NMR f a i l s t o d e t e c t t h e i n f i n i t e network of r o d s , and we s h a l l n o t c o n s i d e r i t any longer. W e s e e c l a r l y on t h i s phase diagram t h a t i nc r e a s i n g t h e w a t e r c o n t e n t i n c r e a s e s t h e c u r v a t u r e . I f we Say t h a t t h e c u r v a t u r e i s n e g a t i v e on t h e low water c o n t e n t s i d e of t h e l a m e l l a r phase and p o s i t i v e on t h e h i g h water c o n t e n t s i d e , i t i n c r e a s e s from -l / L o i n t h e i n v e r t e d hexagonal t o O i n t h e l a m e l l a r , then l / L o i n t h e d i r e c t hexagonal and f i n a l l y 2 / R o i n t h e d i r e c t m i c e l l a r phase. But n8w why a r e complex c u b i c s t r u c t u r e s needed f o r r e a l i z i n g S t a t e s of weak monolayer c u r v a t u r e s ? A f i r s t understanding o f t h i s p o i n t can be found c o n s i d e r i n g t h e d r i v i n g f o r c e s f o r t h e curving of t h e monolay e r s and t h e c o n s t r a i n t under which they e x e r t t h e i r a c t i o n . The curv a t u r e r e s u l t s i n p a r t from a competition i n t h e amphiphilic l a y e r between t h e e l e c t r o s t a t i c i n t e r a c t i o n s of t h e p o l a r heads, which tends t o p u l l them a p a r t when t h e water c o n t e n t i n c r e a s e s . and t h e entropy of t h e p a r a f f i n i c c h a i n s and t h e i r i n t e r a c t i o n s which tends to keep them in an almost c o n s t a n t conformational s t a t e 4. I f only t h e s e l o c a l terms were considered every homogeneous c u r v a t u r e might be envisaged by simp l y curving t h e f l a t i n t e r f a c e s of t h e l a m e l l a r phase i n a c y l i n d r i c a l o f s p h e r i c a l manner, a s shown i n f i g . 1 7 . Fig. 17 -Deformations o f t h e f l a t i n t e r f a c e o f a l a m e l l a r phase (a) i n t o c y l i n d r i c a l ones, w i t h p o s i t i v e c u r v a t u r e i n ( b ) , w i t h n e g a t i v e c u r v a t u r e i n ( c ) . In b o t h c a s e s i n t e r f a c e s a r e t o be c r e a t e d i n t h e p a r a f f i n i c medium. I n (b) t h i s i n t e r f a c e d i s a p p e a r s when R % R , d i r e c t hexagonal phase. In (c) t h e s m a l l e r R t h e e a s i e r i t i s f o r t h 8 c h a i n s t o make i t d i s a p p e a r by i n c r e a s i n g t h e i r e l o n g a t i o n s f i l 1 t h e h o l e , i n v e r t e d hexagonal phase.
However, except when t h e r a d i u s of c u r v a t u r e R i s about t h e average molecular l e n g t h R a s i n d i r e c t hexagonal o r m i c e l l a r phases, o r s m a l l , a s i n i n v e r t i d phases, t h e system must c r e a t e new i n t e r f a c e s w i t h i n t h e p a r a f f i n i c l a y e r s which i n t r o d u c e a supplementary i n t e r f ac i a l energy. The b u i l d i n g of a minimal s u r f a c e of t h e type o f t h o s e d i s c u s s e d above might be t h e r e f o r e a way t o accomodate a weak spontaneous monolayer c u r v a t u r e w i t h o u t an e x t r a c o s t of i n t e r f a c i a l energy.
Obviously, i n t h i s p i c t u r e , t h e c l a s s i c a l l a m e l l a r and hexagonal phas e s a r e examples o f accomodation t o zero and % l / R monolayer curvatur e s . When t h e c o n d i t i o n s a r e such t h a t t h e i n t e r f a e i a l c u r v a t u r e i s zero everywhere t h e only p o s s i b l e minimal p a r t i t i o n s u r f a c e s a r e f l a t and t h e phase i s l a m e l l a r . When t h e c o n d i t i o n s a r e such t h a t t h e i n t e p f a c i a l c u r v a t u r e i s about t h e i n v e r s e o f t h e molecular l e n g t h everywhere t h e aggregates a r e c y l i n d r i c a l , t h e minimal p a r t i t i o n s u r f a c e s a r e t o be organized i n a honey comb s t r u c t u r e 23 and t h e phase i s hexagonal. W e might a l s o add, i n an even more s p e c u l a t i v e manner, t h a t
